During the storage of cassava roots, coumarins and phenols were produced and the activities of phenylalanine ammonia-lyase and peroxidase were activated in every part of the parenchymatous tissue, that is the outermost tissue (called the A-part), the intervening tissue (called the B-part) and the innermost tissue (called the C-part), in parallel with the occurrence of physiological deterioration in the B-part. In manycases, secondary metabolites were produced more strongly in the B-part than in the A-and C-parts. Parenchymatous tissue blocks were divided into the A-, B-and C-parts and they were separately incubated, together with undivided parenchymatous tissue blocks. In both cases, metabolic changes occurred in the A-, B-and Cparts, and physiological deterioration was induced only in the B-part.
Cassava roots are physiologically disordered in a short storage period after harvest, this being called physiological deterioration (PD) or primary deterioration1^and involving brownish discoloration (vascular streaking) in the intervening region between the outermost and innermost parenchymatous tissues. universities in Japan such as Nagoya University and Nihon University.
According to our investigation,5^bluish fluorescent and phenolic components were produced in cassava root tissues which suffered from cut injury, PD and microbial deterioration. The former consisted of five coumarin components, that is scopoletin (6-methoxy-7-hydroxycoumarin), scopolin (6-methoxy-7-hydroxycoumaroyl-7-/?-D-glucoside), esculin (6,7- On this occasion, we have performed a quantitative analysis on the production of the secondary metabolites and the formation of the enzymes pertaining to them in the three different parts of parenchymatous tissue, that is the outermost (A-part), intervening (B-part) and innermost (C-part), in cassava roots before and after PD occurrence in the B-part during storage under roomconditions after harvest. This paper studies the relationship between these biochemical changes in cassava roots and PDoccurrence with a discussion on the possible mechanism of PD occurrence.
MATERIALS AND METHODS

Cassava roots. Roots of cassava (Manihot esculenta
Crantz, cv. Golden Yellow) grown in the farms of PRCRTC, ViSCAwere harvested and used immediately.
Incubation and sampling. The roots were used for analysis without incubation or after incubation for one to several days under room conditions at 26 to 30°C and at relative humidities of 78 to 92%. Each root was washed with tap water and cut crosswise into tissue blocks (1 to 2 cm thick), and the biochemical grade (see the following section) of PD was observed. The A-, B-and C-parts (see Fig. 1 ) were separated by knife from the tissue blocks. In some experiments, the roots were cut into tissue blocks (1.3 to 1.5cm thick) just after harvest, from which the cortex was sometimes removed. Tissue blocks with or without the cortex were divided into the A-, B-and C-parts before or after incubation for a few days under the specified room conditions. The A-part was located in the outermost parenchymatous tissue (white colored, 2 to 3 mmthick), adjacent to the cortex, the B-part (where PD occurred) was located in the intervening tissue (yellow, 7 to 8 mm thick) between the A-and C-parts, and the C-part was located in the innermost tissue (more yellowish, at a diameter of 16 to 18 mm), as indicated previously.5'133 Each tissue-part was cut into small pieces which were mixed well, and one g or more were weighed for analy- 3 to 5 is equivalent to PDin a narrow sense.
Assays for coumarins and phenols. Two g of tissue were homogenized for 5 min in 5 ml of ethanol with a homogenizer. The homogenate was filtered through a Buchner funnel by suction, and the residue washed with 5 ml of ethanol through this funnel. The combined filtrate was evaporated in vacuo to dried matter, which was suspended in 2 ml of distilled water. The suspension was left for 30 to 60 min with occasional shaking in a bath at 40°C and then centrifuged. One ml of the supernatant solution was passed through an A12O3 column (5mm in height) and such coumarinsas scopoletin, scopolin and esculin were eluted by distilled water. The eluate was filled up to 10ml by water and diluted to a suitable volume if necessary. The intensity of bluish fluorescence based on the coumarinswas measured by fluorophotometer, as shownpreviously.73
The total amountof the coumarins was calculated from the standard curve based on authentic scopoletin. Such phenols as (+)-catechin adsorbed on the top of the A12O3column were converted to the nitroso derivatives by applying 4 ml of Hopfner's reagent [0.5% NaNO2-5% AcOH (1: 1 v/v)], which were washed by 10ml of distilled water and eluted by 5 to 10ml of 5.0n NaOH.7) The absorbance at 505nm of the reddish color in the solution was measured by spectrophotometer. The total amount of the phenols was calculated from the standard curve based on authentic (+)-catechin, as indicated in the previous paper.7)
Assays for enzymeactivities. Enzymesamples were prepared following the method previously used in the case of sweet potato with somemodifications."0 One to 4 g of tissue was homogenized for 5 min in the cold in two folds (2 to 8 ml) of 50him potassium phosphate buffer, pH 7.0, containing 1 mMEDTAand 0.2 or 1.0% sodium isoascorbate with a homogenizer. The homogenate was centrifuged at 2,270xg in the cold for 10 to 15min. Two ml of the supernatant solution was applied to a Sephadex G-25 column (1.4x 13 cm) preequilibrated with 10 ml of potassium phosphate buffer, pH 7.0, containing 0.5 mMEDTA. Three ml of the eluate containing proteins was used as the enzyme sample. The activities of PALand PER-ase were assayed following the previous methods,7 '15) which were used for the activity assays of these enzymesin sweet potato, with minor modifications. The activity of POLY-ase was assayed by measurement at AZQ5of the yellowish color based on the oxidized form of (+)-catechin produced by the enzyme reaction, instead of the oxygen electrode method. That is, the enzymesample was added to the reaction medium containing 4.2 mM(+)-catechin and 0.1 m potassium phosphate buffer, pH 6.0, and the mixture was incubated for 30 min at 30°C. The enzymereaction wasstopped by the addition of 0.4 n HC1O4 in a final concentration.
RESULTS
Cytological observations
In the course of storage, whole cassava roots were cut transversely into manytissue blocks 
Whole tissue including A-, B-and C-parts. Relationship between the biochemical grade of PD and the production of secondary metabolites Both coumarins and phenols were rarely present in cassava roots just after harvest, but were produced in the A-, B-and C-parts of the roots in the course of storage (see Tables I  and II) . Furthermore, the amount was in parallel with the score of PDbiochemical grade.
When the scores of biochemical grade were higher, the production of the secondary metabolites in the above three parts was more vigorous, as indicated in the comparative data on lower and upper half portions of root No. 4 in Table I (see Lines 4 and 5 in the table) , and on one half and the other half parts of each tissue block from root Nos. 2 and 3 in Table II (see Lines 2 and 3, and 4 and 5 inthe  table) . These metabolites, especially coumarins, tended to occur in larger amountsin the Bpart than in the A-and C-parts. The above results are consistent with the qualitative data from cytological observations.
Relationship between the biochemical grade of PD and the activities of some enzymespertaining to the secondary metabolites
The activities of PAL and PER-are were low in cassava roots just after harvest, and increased in these A-, B-and C-parts of the roots (Cut and cortex removed) and (Cut and A-, B-, C-parts separated) : Root No. 1 was cut into tissue blocks 1.3~1.5 cm thick, which were subjected to cortex removal, and some of the treated blocks were incubated under room conditions for 2 days ; the others were divided into A-, B-and C-parts, which were separately incubated in the same way. during storage (see Table III ). Furthermore, the increased activities of both enzymes were roughly paralleled with the scores of PDbiochemical grade. It appears that the activity of each enzyme occurring in the A-, B-and Cparts shows no specific correlation amongthe three parts, differing from the results of the production of secondary metabolites (see Tables I and II) . POLY-ase activity was present in freshly harvested cassava roots, but it is not likely that its activity increased during storage or preceding the occurrence of discoloration. Even if it did increase, its level would not be as marked as in the cases of PALand PER-ase.
Relationship between the biochemical grade of PDin various kinds of treated root tissues and changes in secondary metabolism Whencut tissues (1.3 to 1.5 cm thick) were incubated under room conditions as indicated in Materials and Methods, the discoloration, PD in a narrow sense, was induced in the Bpart 3 days after incubation (see Line 4 in Table IV ), as first indicated in the previous paper.13} Both coumarins and phenols were produced in the A-, B-and C-parts of cut tissues prior to discoloration (see Lines 3 and 4 in Table IV ). The secondary metabolites were also produced in every part of the cut tissue without cortex, when discoloration was induced in the B-part during the 2-day storage period (see Line 1 in Table IV) . When the individual tissuepieces of A-, B-and C-parts were separately incubated, discoloration was induced in the B-part, and the above metabolites were produced in all of the tissue pieces, although the intensity of the above events was less than cut tissue without A-, B-and C-part separation (see Line 2 in Table IV ). Coumarins were produced in larger amounts in these treated tissues than in whole roots, and moremarkedly in the B-part than in the A-and C-parts, except for the case of separate incubation of the individual tissue-pieces of the A-, B-and C-parts (see Tables I, II and IV) .
Relatively high activities of PALand PERase were found in the A-, B-and C-parts of these treated tissues, compared with those of whole roots (see Tables III and V) . POLY-ase activity was generally higher in these treated tissues than in whole roots (see Tables III and   V) .
DISCUSSION
It has been reported by the authors7) that such bluish fluorescent coumarins as scopoletin and such phenols as (+)-catechin were produced in cut-injured tissue of cassava roots, and the activity of some enzymes pertaining to these metabolites such as PALand RER-ase were activated in the tissue preceding the production of these metabolites. In this study, we investigated the quantitative relationship between the changes in secondary metabolism and the occurrence of PD in cassava roots. In a few days storage of freshly harvested cassava (cv. Golden Yellow) roots, the above biochemical changes were induced in the A-, B-and C-parts of the roots. In particular, the Water content in the B-part was less than in the A-and C-parts, implying a larger content of starch granules or cell walls and a specific structure of the membranesystem in the Bpart cells.
It appears that the biochemical and cytological changes are induced by the combined effects of the mechanical injury which is given to the roots during harvest and transport and the environmental factors during storage (including humidity and atmospheric composition) which are different from those in the soil where the roots are grown. These effects maystimulate water loss of the roots during storage, accelerating the onset of these changes. Cut tissue blocks with and without cortex showed biochemical changes in the A-, B-and C-parts, and PD (in a narrow sense) occurrence in the B-part, more markedly than in whole roots. This indicates that mechanical injury participates in the above events, B-part cells respond to the above effects specifically, and discoloration is then induced in the B-part. Some effects of wounding and water loss on the metabolic changes and PD occurrence have been reported by the TPI researchers.n'12) Whenthe A-, B-and C-parts were separated from the tissue blocks and incubated individually, biochemical changes were also induced in every part and PD characterized by discoloration occurred only in the B-part. This indicates that the biochemical changes in the B-part are These events may possibly be associated with the function of cellular membranesin the Bpart.
We set the biochemical grade of PD to evaluate the degree of PD in a broad sense, as shown in Materials and Methods. This was effective in correlating the cytological changes with the biochemical changes, focusing on PD occurrence and severity, since these events showed some difference in the grade among the tissue parts of one cassava root during storage.
